Anencephaly (APH) is characterized by the absence of brain tissues and cranium. During primary neurulation stage of the embryo, the rostral part of the neural pore fails to close, leading to APH. APH shows a heterogeneous etiology, ranging from environmental to genetic causes. The autosomal recessive inheritance of APH has been reported in several populations. In this study, we employed whole-exome sequencing and identified a homozygous missense mutation c.1522C > A (p.Pro508Thr) in the TRIM36 gene as the cause of autosomal recessive APH in an Indian family. The TRIM36 gene is expressed in the developing brain, suggesting a role in neurogenesis. In silico analysis showed that proline at codon position 508 is highly conserved in 26 vertebrate species, and the mutation is predicted to affect the conformation of the B30.2/SPRY domain of TRIM36. Both in vitro and in vivo results showed that the mutation renders the TRIM36 protein less stable. TRIM36 is known to associate with microtubules. Transient expression of the mutant TRIM36 in HeLa and LN229 cells resulted in microtubule disruption, disorganized spindles, loosely arranged chromosomes, multiple spindles, abnormal cytokinesis, reduced cell proliferation and increased apoptosis as compared with cells transfected with its wild-type counterpart. The siRNA knock down of TRIM36 in HeLa and LN229 cells also led to reduced cell proliferation and increased apoptosis. We suggest that microtubule disruption and disorganized spindles mediated by mutant TRIM36 affect neural cell proliferation during neural tube formation, leading to APH.
Introduction
Neural tube defects (NTDs), with an incidence of 1/1000 births, are the second most common type of birth defects after congenital heart defects. Anencephaly (APH) and open spina bifida (myelomeningocele) are the most common NTDs (1) . APH (OMIM 206500) is the most lethal form of NTDs, with a prevalence of 2.1 per 1000 births in India (2) . It is characterized by the absence of cranial vault and brain tissues in the fetus. During development, the cranial neuropore fails to close at the primary neurulation stage of the embryo, leading to a condition called exencephaly. In the late gestation stage, the exposed neural tissue of the brain in exencephalic fetus will gradually degenerate leading to APH (3) . Still birth is seen for most of the APH fetuses, and even if born alive, they survive only for a few hours (4) . It is diagnosed prenatally by an ultrasound examination and the maternal alpha-fetoprotein level in woman's amniotic fluid (4) . The recurrence risk of APH in the family increases 2-5% after the first affected child (5) .
The etiology of APH is multifactorial with environmental and genetic causes (6) . Women with elevated levels of plasma homocysteine, low folate or low vitamin B12 (cobalamin) are at an increased risk of having a child with NTD (7) . An X-linked segregation of APH has been reported in a few families (8, 9) . Several studies have also reported segregation of APH as an autosomal recessive trait (9) (10) (11) , suggesting the involvement of major causative genes. Interestingly, mutations in more than 200 genes have been shown to give rise NTD phenotype in mice (12) . Further, case-control association studies have shown that a common variant c.677C > T in the folate-mediated one-carbon metabolism gene MTHFR is a risk factor for APH and other NTDs in some, but not in all populations (13) (14) (15) . Although positive associations have also been observed for following folatemediated one-carbon metabolism genes DHFR, MTHFD1, MTRR and TYMS, these have not been replicated in all populations (16, 17) . Heterozygous mutations in VANGL1, VANGL2, FUZ, CELSR1, AMT and GLDC genes have also been reported in patients with APH and spina bifida (15, (18) (19) (20) (21) . Further, a homozygous FOXN1 mutation p.R255X has been reported in a fetus with multiple NTDs, including APH and spina bifida and other abnormalities identical to that of the Nude/SCID phenotype of mice (22) . A homozygous mutation p.Gly156Cys in the T gene has been reported in two Saudi Arabian families with myelomeningocele (23) .
The unavailability of large families with multiple affected individuals has unfortunately hampered the identification of causative genes for APH. In recent years, whole-exome sequencing (WES), a technique which does not rely on the size of the family unlike a linkage-based approach requiring large families, is being routinely used to identify causative genes for a variety of disorders in families with a single or a few affected individuals. Using WES, here we report that a novel missense mutation, p.Pro508Thr, in the TRIM36 (Tripartite Motif Containing 36) gene, causes APH in a consanguineous Indian family.
Results and Discussion
The WES analysis of the 20-weeks old affected fetus IV-2 from family IIS-15 ( Fig. 1A and B) generated a total of 77 259 variants. To identify the causative gene for APH in this family, we employed different filters as shown in Figure 1C . Because of consanguinity in the family, we considered APH to be an autosomal recessive trait, and therefore selected 32 051 homozygous variants. After excluding homozygous variants present in dbSNP135 and 1000 Genomes databases, we identified a total of 863 novel homozygous variants. We then looked for indel, nonsynonymous, stop-gain and splicing variants as they are most likely to be pathogenic. This led to the identification of 4 indel, 17 non-synonymous and 1 splice variants. We then excluded variants which were present in a homozygous state in EVS (http://evs.gs.washington.edu/EVS/; date last accessed September 1, 2016), ExAC (http://exac.broadinstitute.org/; date last accessed September 1, 2016) and in-house WES databases. This led to the identification of only two non-synonymous variants: c.513G > C (p.Gln171His) in the LILRB3 [leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 3] and c.1522C > A (p.Pro508Thr) in TRIM36 genes. The p.Gln171His variant in LILRB3 was not considered further as it was predicted to be a polymorphism (score 0.999) by Mutation Taster, benign (score 0.026) by Poly-Phen2, neutral (score À1.20) by PROVEAN and tolerated (score 0.376) by SIFT programs. The variant c.1522C > A (p.Pro508Thr) in exon 8 of TRIM36 was predicted to be disease-causing (score 0.999) by Mutation Taster, probably damaging (score 0.985) by PolyPhen2, deleterious (score À5.61) by PROVEAN and damaging (score 0.04) by SIFT programs. Sequencing of the entire coding region of TRIM36 confirmed this variant in the affected fetus IV-2 ( Fig. 2A) . Both parents were heterozygous, and the normal sibling IV-1 was homozygous for the wild-type allele ( Fig. 2A) . Sanger sequencing showed the absence of this variant in 430 ethnically matched normal individuals. The p.Pro508Thr variant in TRIM36 was conserved across 26 species (Fig. 2B) Based on the WES data, the affected fetus IV-2 was a male. We also considered APH in this family segregating as an X-linked recessive trait. However, no pathogenic variant was found on the X-chromosome assuming this mode of inheritance.
The TRIM36 gene consists of 10 exons (Fig. 3A ) and codes for a 728 amino acid-long protein of 83 kDa (Fig. 3B ). TRIM36 is a member of a large tripartite motif (TRIM) containing protein family TRIM/RBCC, which is one of the large protein families involved in wide range of biological processes such as cell proliferation, transcriptional regulation, cell differentiation, apoptosis, tumorigenesis and development (24) . Modifications in some of these proteins have led to neurodegenerative disorders, viral infections and developmental disorders (24, 25) . All of the TRIM proteins comprise an N-terminal RING finger domain, one or two B-box domain and a coiled-coil domain (Fig. 3B) . The combination of RING finger, one or two B-Box zinc finger and coiled-coil domain form TRIM. Based on the C-terminal domains, the TRIM family proteins are classified into 11 subfamilies (25) . TRIM36 belongs to a subfamily, which also includes MID1 (TRIM18), MID2 (TRIM1), TRIM9, TRIM46 and TRIM67 proteins. These proteins harbour a C-terminal COS domain, fibronectin type III domain and B30.2/SPRY domain (24, 25) . Further, all these proteins are shown to associate with microtubules (26) . Mutations in the MID1 gene have been shown to cause Opitz G/BBB syndrome, characterized by midline developmental defects (27) . TRIM9 and TRIM67, highly expressed in the brain, have been shown to play a critical role in the regulation of neuronal function (28) . All these information indicate a special regulatory function of this subgroup of TRIM proteins in neuronal cell growth and proliferation during development. Our RT-PCR analysis showed that TRIM36 expresses in the human fetal brain, in addition to other tissues from an abortus of 18 weeks of gestation (Fig. 4A) , suggesting its role in neurogenesis. The spatial expression pattern of Trim36/Haprin by wholemount in situ hybridization of Xenopus laevis embryos showed its expression in neural plate (stage 18), neural tube and a portion of the posterior somite (stage 23 and later) (29) . Interestingly, TRIM36 is strongly expressed in the neural tube region in 14.5 dpc mouse embryos ( Fig. 4B ) (30; http://www.emouseatlas.org/ emage/; date last accessed September 1, 2016; EMAGE:#18240). All these information suggest that Trim36/Haprin is a key factor during development of the nervous system (29).
Often, missense mutations are known to render protein less stable, and therefore to determine if the mutant TRIM36 protein is less stable, we transfected the constructs with wild-type (pCMV-HA-TRIM36W) and mutant (pCMV-HA-TRIM36M) TRIM36 in HeLa cells, treated the cells with cycloheximide, an inhibitor of protein translation, and performed Western hybridization. The results showed that the mutant TRIM36 is less stable in comparison to its wild-type counterpart (Fig. 4C) . Instability of the mutant TRIM36 protein suggested that the level of TRIM36 might be reduced in fetus IV-2. In order to determine the level of TRIM36 in fetus IV-2, we performed Western blot hybridization of lysates from the liver tissue of fetus IV-2 and two controls. As expected, the level of TRIM36 in fetus IV-2 was less than in two controls (Fig. 4D) , suggesting that the mutation affects the stability of TRIM36 in vivo.
The B30.2/SPRY domain has a special functional significance in TRIM family proteins and is mainly involved in protein-protein interaction. In MID1, a majority of the mutations are seen in the C-terminal half of the protein comprising the B30.2/SPRY domain, resulting in the abrogation of its association with microtubules. Further, the mutant protein forms cytoplasmic clumps in cells and affects the stability of microtubules (31), suggesting an important role of B30.2/SPRY domain for the association of TRIM36 with microtubules. Mammalian TRIM36 colocalizes with alpha-tubulin, a microtubule protein (32) . Using SWISS-MODEL software, we predicted that the p.Pro508Thr mutation in TRIM36 causes conformational changes in the B30.2/ SPRY domain (Fig. 4E) , which may in turn abolish the association of TRIM36 with microtubules. To determine if the mutation indeed disrupts the microtubules, we transfected pEGFP-C3-TRIM36W and pEGFP-C3-TRIM36M constructs separately in HeLa and LN229 cells and assessed the structure of microtubules and mitotic spindles. As shown in Figure 5 , transient transfection of cells with the pEGFP-C3-TRIM36M construct led to disrupted microtubules, disorganized spindles and loosely arranged chromosomes as compared with cells transfected with the pEGFP-C3-TRIM36W construct. Interestingly, the siRNAmediated knock down of TRIM36 has also been shown to cause disorganized spindles in HeLa cells (33) . Since cells with microtubule disruption also show multipolar spindles and abnormal cytokinesis, we therefore looked for these features in cells transfected with the pEGFP-C3-TRIM36M construct. As shown in Figures 6 and 7 , a significant increase in multipolar spindles and abnormal cytokinesis was observed in cells transfected with the mutant TRIM36 (pEGFP-C3-TRIM36M) as compared with cells transfected with the wild-type TRIM36 (pEGFP-C3-TRIM36W). Disrupted microtubules and disorganized mitotic spindles have also been reported in cells from patients with microcephaly (small brain), suggesting the irrefutable role of properly formed microtubule structures and mitotic spindles in the normal development of human brain. For example, PCNT (pericentrin) null cells from patients with primordial dwarfism, characterized by dwarfism and microcephaly, have disorganized microtubules and mitotic spindles (34) . Similarly, disrupted microtubules and disorganized mitotic spindles have also been observed in CDK6 null cells from patients with primary microcephaly (35) . Further, the role of microtubule and microtubule-associated proteins in brain development is well documented in the literature. For example, mutations in genes coding for microtubule-associated proteins (DCX, LIS1 and NDE1) and tubulin isoforms (TUBA1A, TUBA8, TUBB2B and TUBB3) result in defects in cell proliferation, neuronal migration and cortical organization (36) . Further, although the disrupted microtubules and disorganized mitotic spindles are observed in cells from microcephaly patients as well as in TRIM36 knock down (33) or mutant TRIM36 overexpressing cells (Fig. 5) , it is reasonable to assume that the molecular mechanism for the development of APH would be different from that of microcephaly.
Since cell proliferation seems to be affected in APH and cells with multipolar spindles and abnormal cytokinesis are inviable, we wanted to determine if TRIM36 affects cell proliferation. To this end, we transfected pCMV-HA-TRIM36W, pCMV-HA-TRIM36M and pCMV-HA vector separately in HeLa and LN229 cells and assessed cell proliferation by the BrdU incorporation assay. As seen in Figure 8A , cells transfected with mutant TRIM36 have significantly reduced cell proliferation as compared with cells transfected with its wild-type counterpart and the vector only. This suggests that the TRIM36 mutation inhibits cell proliferation. Since cells with abnormal spindles are known to be inviable (37, 38) , we wanted to determine if the TRIM36 mutation increases apoptosis. To this end, we transfected pCMV-HA-TRIM36W, pCMV-HA-TRIM36M and pCMV-HA separately in HeLa and LN229 cells and assessed the extent of apoptosis by (Fig. 8B) .
We also knocked down TRIM36 in both cells lines and assessed cell proliferation and apoptosis. To this end, we first assessed the endogenous level of TRIM36 by immunofluorescence and Western blotting in both cell lines. The immunofluorescence analysis showed a high level of cytoplasmic expression of TRIM36 (Supplementary Material, Fig. S1A ). The Western blot analysis also showed a high level of TRIM36 expression (Supplementary Material, Fig. S1B ). As seen in Figure 9A , there is a considerable knock down of TRIM36 in both cell lines as compared with mock transfected cells. To validate the specificity of TRIM36 specific siRNA, we checked the level of an irrelevant protein ESRRA in both cell lines. The results showed no change in the level of ESRRA, suggesting that it is specific. Cells with siRNA-mediated knock down of TRIM36 showed significant reduction in cell proliferation (Fig. 9B ) and increased level of apoptotic cells as compared with mock transfected cells (Fig. 9C) . We also cotransfected TRIM36 siRNA and pCMV-HA-TRIM36-siR, harboring the siRNA resistant TRIM36 ORF, in HeLa and LN229 cells to determine if the effect of siRNA on cell proliferation and apoptosis could be rescued. As expected, the level of TRIM36 is more in cells cotransfected with TRIM36 siRNA and pCMV-HA-TRIM36-siR as compared with cells with TRIM36 siRNA only (Supplementary Material, Fig. S2, upper panel) . The rate of cell proliferation was significantly increased in cells cotransfected with TRIM36 siRNA and pCMV-HA-TRIM36-siR as compared with cells with TRIM36 siRNA only (Supplementary Material, Fig. S2, middle panel) . Further, the rate of apoptosis was significantly decreased in cells cotransfected with TRIM36 siRNA and pCMV-HA-TRIM36-siR as compared with cells with TRIM36 siRNA only (Supplementary Material, Fig. S2 , lower panel). These observations suggest that APH occurs as a result of reduced cell proliferation mediated by increased apoptosis. Increased apoptosis has been observed in the developing brain of STIL-null mice (39) . Mutations in STIL cause primary microcephaly, a disorder characterized by a smaller than normal brain and mental retardation (40) . Since carrier parents are normal, p.Pro508Thr could not function in a dominantnegative fashion, instead it could act as a loss of function mutation. The observation of reduced proliferation of TRIM36 depleted or mutant TRIM36 overexpressing cells supports this hypothesis.
Although no mouse TRIM36 model exists, Trim36 knock down studies in Xenopus tropicalis have shown that it is necessary in the formation of proper neural tube, notochord and somites (41) . During neurula stages in X. tropicalis, trim36 transcript is expressed in the developing neural tube and is enriched at the midbrain-hindbrain boundary (41) . Depleted trim36 embryos lack neural tube, notochord and organized microtubules or exhibit fragmented microtubules (41) . All these observations suggest an important role of trim36 in the development of neural tube and brain. However, it would be certainly valuable to have another TRIM36 animal model. In summary, based on the following observations, we believe that TRIM36 is the causative gene for APH in family IIS-15. (i) p.Pro508Thr is the only pathogenic variant, which is present in the affected fetus in a homozygous state, and is not present in any known database in a homozygous state. (ii) The mutant TRIM36 is unstable in both in vivo and in vitro conditions. (iii) Overexpression of mutant TRIM36 leads to reduced cell proliferation and increased apoptosis as one would expect for a gene mutated in APH. (iv) The knock down of TRIM36 causes reduced cell proliferation and increased apoptosis. (v) The knock down of trim36 in X. tropicalis recapitulates the phenotype in humans to some extent in that the embryos lack properly formed neural tube, notochord and somite formations. Based on our observations, we hypothesize that TRIM36 dependent proper development of microtubule structures and mitotic spindles in neuronal progenitor cells is essential for the normal development of human brain. Our data also support a model whereby the loss of TRIM36 leads to microtubule disruption, spindle Each data point represents 50 metaphases. Scale bar ¼ 10 mm. *P < 0.05 and **P < 0.01. Quantitative data are shown on the right. Each data point represents 50 metaphases. Scale bar ¼ 10 mm. *P < 0.05 and **P < 0.01. with pCMV-HA-TRIM36M in comparison to cells transfected with pCMV-HA-TRIM36W or the pCMV-HA vector only. *P < 0.05; **P < 0.01 and ***P < 0.001. disorganization, reduced cell proliferation, increased apoptosis and subsequently APH.
Materials and Methods

Families
A total of 37 APH families were ascertained in the Department of Obstetrics and Gynaecology, Bangalore Medical College and Research Institute (BMCRI), Bangalore, following approval from its ethics committee and written consent of the families. Of 37 families, 11 were consanguineous. Three families had two APH affected fetuses, whereas the remaining had only one.
Genomic DNA isolation
Three to five milliliter of peripheral blood sample was drawn from each parent and normal siblings, if any, in a Na-EDTA Vacutainer tube (Beckton-Dickinson, Franklin Lakes, NJ), whereas a few gram of liver tissue from the affected APH fetus was excised and stored in liquid nitrogen. Total genomic DNA was isolated from blood or fetal tissue samples, using a Wizard Genomic DNA Purification kit (Promega, Madison, WI).
Whole-exome sequencing
For WES, one microgram of total genomic DNA of the affected fetus IV-2 from family IIS-15 ( Fig. 1A and B) was randomly fragmented, size selected to 350-400 bp fragments and then ligated to adapters on both ends. The fragmented library was then captured and enriched using the TruSeq Exome Enrichment kit (Illumina Inc., San Diego, CA). shows a significant increase in apoptosis as compared with mock siRNA transfected cells. *P < 0.05; **P < 0.01 and ***P < 0.001. 1, 2016 
Sanger sequencing
The entire coding region, including intron-exon junctions, of TRIM36 (NM_018700) was amplified, using 10 primer sets (Supplementary Material, Table S1). PCR products were then sequenced on an ABIprism A370-automated sequencer (PE Biosystems, Foster City, CA). Once a mutation was identified, the remaining family members and normal individuals were sequenced for the presence or absence of the mutation.
cDNA synthesis and RT-PCR analysis
For expression analysis of the TRIM36 gene, total RNA was isolated from different fetal tissues of an 18-weeks old spontaneous abortus, using the Tri REAGENT (Sigma-Aldrich, St Lois, MO). The first-strand cDNA template was synthesized from total RNA sample, using the Revertaid H Minus First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Rockford, IL). RT-PCR was performed using a standard laboratory practice and the following primers: forward, 5
0 -ATACTCCTCCAGCTCCAGTTTT CAG-3 0 and reverse, 5 0 CCACTGTCTTGCTCATATCTTGGAC-3 0 .
Plasmid constructs and site-directed mutagenesis
Plasmid constructs with wild-type and mutant TRIM36 ORFs were generated in pEGFP-C3 or pCMV-HA vectors. In order to generate a TRIM36 construct with wild-type ORF (pEGFP-C3-TRIM36W or pCMV-HA-TRIM36W), the entire 2187 bp ORF of TRIM36 was amplified, using the Phusion High-Fidelity DNA Polymerase (Thermo Scientific, Rockford, IL), fetal lung cDNA as a template and the following primers: forward, 5 0 -AGTCC 
Cell proliferation and apoptosis assays
Following two human cell lines were used in this study: HeLa (cervical carcinoma) and LN229 (glioblastoma). These cell lines were grown in Dulbecco's modified Eagle's Medium supplemented with 10% fetal bovine serum (Sigma-Aldrich, St Louis, MO) at 37 C in 5% CO 2 .
For cell proliferation assays, 2000 cells were grown in triplicates in a 24-well plate and transfected with pCMV-HA-TRIM36W, pCMV-HA-TRIM36M, pCMV-HA, pCMV-HA-TRIM36-siR plus TRIM36 specific siRNA, TRIM36 specific siRNA (100 nM) and mock siRNA (100 nM), using Lipofectamine 2000 (Life Technologies, Grand Island, NY). TRIM36 specific siRNA and mock siRNA were purchased from Life Technologies, Grand Islands, NY. Cell proliferation was determined using a CHEMICON BrdU Cell Proliferation Assay Kit (Milipore Corporation, Billerica, MA), as described previously in (43) .
To determine apoptosis, 2000 cells were grown separately in triplicates in a 24-well plate and transfected with pCMV-HA-TRIM36W, pCMV-HA-TRIM36M, pCMV-HA, pCMV-HA-TRIM36-siR plus TRIM36 specific siRNA, TRIM36 specific siRNA (100 nM) or mock (100 nM) separately. Subsequently, the caspGLOW Fluorescein Active Caspase-3 Staining kit (Biovision, Mountain View, CA) was used to determine apoptosis, according to Tiwari et al. (43) .
Western blot analysis
To determine the stability of mutant and wild-type TRIM36 proteins, 2 Â 10 6 HeLa cells were seeded in a 6-well plate. Cells were transfected with pCMV-HA-TRIM36W or pCMV-HA-TRIM36M separately as described above. Cells were then treated with cycloheximide (Sigma-Aldrich, St Louis, MO), an inhibitor to protein translation, for 5, 10 and 20 h at a final concentration of 100 mg/ml post 48 h of transfection. Protein lysates were prepared as described in Tiwari et al. (43) . The Western blot analysis was carried out using a standard method and a mouse monoclonal anti-HA antibody (Sigma-Aldrich, St Louis, MO). b-actin served as a loading control, using an anti-b-actin antibody (Sigma-Aldrich, St Louis, MO). Further to determine the level of TRIM36 in fetus IV-2 in comparison to controls, protein lysates were prepared from the liver tissue of fetus IV-2 and two spontaneous abortuses (Control 1 and Control 2) of 18 weeks of gestation, using Cell Lytic MT Cell Lysis Reagent (Sigma-Aldrich, Bangalore, India), and the Western hybridization was performed, using a rabbit polyclonal anti-TRIM36 antibody (Thermo Scientific, Rockford, IL). The Western blot was also probed for the level of ESRRA, an irrelevant protein, using an anti-ESRRA antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Fetal tissue samples from spontaneous abortuses were collected from Kempegowda Institute of Medical Sciences, Bangalore, following approval from the ethics committee of Indian Institute of Science, and the written consent from mothers.
Immunofluorescence study
Approximately 5 Â 10 4 cells were grown on cover slips and allowed to adhere and gain morphology overnight. Cells were then transfected with pEGFP-C3-TRIM36W or pEGFP-C3-TRIM36M constructs as described above. Forty-eight hour posttransfection, cells were fixed with 4% paraformaldehyde for 5 min, followed by treatment with 2% BSA and 0.1% Triton-X for 30 min. Alpha-tubulin staining was visualized using 1:60 dilution of a mouse monoclonal anti-alpha-tubulin antibody (Sigma-Aldrich, St Louis, MO), followed by anti-mouse IgG-FITC (Sigma-Aldrich, St Louis, MO). Since the signal for GFP-tagged TRIM36 was less intense (Supplementary Material, Fig. S3 ), it was enhanced using a 1:60 dilution of a rabbit polyclonal anti-GFP antibody (AbCam, UK), followed by an anti-rabbit IgGmCherry594 antibody staining (Thermo Fisher Scientific, Rockford, IL). Cells were then stained with 1 mg/ml DAPI (SigmaAldrich, St Louis, MO) for 10 min. After washing, coverslips were mounted on slides with an antifade solution (Molecular Probes, Life Technologies, Eugene, OR). Endogenous expression of TRIM36 was determined, using 1:100 dilution of a rabbit polyclonal anti-TRIM36 antibody. Cells were photographed with an Olympus 1 Â 81 motorized inverted fluorescence microscope equipped with 60Â oil immersion U Plan super apochromat objective and a Cool SNAP HQ2 CCD camera (Photometrics, Tucson, AZ). The images were processed using cellSens Dimension image software (Olympus, Gurgaon, India).
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